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AL PHA-GALACTOSIDASE 



, verified polynucleotides, polypeptides encoded 
/«. m ve„tion relays ^^Z^ and polyps, as W e„ . 

particular pomades of the ^ ^ 
ani/or a-galactosidases as a result of the* nzy 

, „f me present invention, there are provided novel 

, nf a,. orese nt invention, there are provided 
ln accordance win, «*« enzymes of fre present invention including 

— ^-«*-^ , ;r*K. analogs and fragments of such 
mRNAs, cDNAs. genomic DNAs as we! 



In accordance with 
isolated nucleic acid moleci 
contained in ATCC Deposit 
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I t 

In accordance w.thy recombi nant techniques compnstng 

. process for P^ ^ ^^ tic host cells , cont a^ g a nuc,, acid 

- — — — of said 

enzymes and subsequent recovery of said enzymes. 

• „ , , farther aspect of the present invention, there is provided 
a process for uulrztng such enzy ^ enzyme to me beet 

SUgaI r Raw bit It can contahr a small amount of raffmose when the sugar 

SUgaI T^rLing and rottmg begins tose, nr. 

*** m ~ 2 aiso —es a hidden quantity of sucrose. T*.. there 

crystaltotton of sucrose and - al a C tosidase has also been 

is me rit to eating raffmose from ^ ^'J. L verbascose in such foods 

used as a digestive aid to break down raffmose, stacnyose, 

as beans and other gassy foods. 

.„ . fi^herasnect of the present invention, there are also 

.accordance ^^^^'^^Z 

i **a tn scientific research, for exampic, w & 
vitro purposes related to scientmc M, r pn ^vmes from other organisms 

by using certam regions, i.e. , conserve 
skilled in the art from the teachings herein. 
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« meant «o Umir the scope of the invention as encompassed by the clauns. 

• rt f the full-length DNA and corresponding deduced 
Fiaure 1 is an illustration of the tull lengui 

e of Thermococcus alcalipHilus AEDII12RA a-galactosidase 18GC 
amino acid sequence of Thermococcu automated DNA 

Q^mipncins was performed using a j/o 
of the present invention. Sequencing wa* ^ 

sequencer (Applied Biosystems, Inc.). 

of DNA involved in producing a polypeptide 

*• 7 ''™;^r:rr: — ««- - 

polymerase will transcribe the two coding q 

translat ed .nto a ^^ZT.t----'-*--- 

« The coding sequences need not oe conuguu 

■ R eco— " endues * . ^^TJl 
a «a from cells transformed by an exogenous vi 
— t sy l tic . enzymes a* those prepared by chemical 

encoding me desired enzyme. Synthenc nzy 

synthesis. 

« of or a "nucleotide sequence encoding' a particular 
A DNA "coding sequence of or nu ^ 
enzyme, is a DNA sequence which is transcnbed and transla. 
^d under the contro, of appropriate regulatory sequences. 

, „f rhe oresent invention, there are provided isolated 
In accordance win, an aspect of the pre«m ^ ^ 

nucleic acids (po.ynucleo.ides) which encode for the mature nzy 
amino acid sequence of Figure 1 (SEQ ID N0:4). 
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. A nother aspe c, of .he present invention, there is provided an 
ln accordance ^VT^ of ^ present invention. The deposited 
isolated polynucleotide °^gx DMA encoding an enzyme of Ore present 

ma teriai is a genom, Hfr^L Type Cu.ture CoUection, 1230. Paridawn 
invention. As deposited m e deposited materia! is assigned ATCC 

Drive, Rockville, Maryland 20852, USA, tn 

Deposit No. . • 

„ ™de under the terms of the Budapest Treaty on the 
* ^ ? ^ of Micro-organisms for Purposes of Patent 

.nternational Recognrtto^ of W ^ or ^ release d 

P r ocedure. The clone wUl he ^ „ provided merely as 

t0 „ pub ,ic upon the « * ^ ^ ^ atoission ^ a deposlt would he 
convenience to those - « - * o{ ^ ^ined m *e 

quired under 35 U^.C. ^ ^ q{ ^ polypeptide encode d 

deposited matenal, as well " m description of sequences 

.hereby, are controlling in tie event of any confltc ^ ^ 

herein. A license may be required to tnalce, use or sell the P 
such license is hereby granted. 

, h of this invention was originally recovered from a genomic 
The polynucleot.de of tins mvenuo EDm2RA , of the genus 

g ene library derived from ™™™™ 

THennococcus. AEDU12RA grows optimally at 85 C at pH 
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♦ rh, isolated nucleic acid molecule encoding the 

enzyme of the present — ' ^ (i) ^ are capabl e of hybridizing 

nucl e,c acid sequences are substantia y ^ S£Q m N0:3; or 

und er conditions ^ - - ^nucleotides of SEQ .0 

they encode DNA. sequences which ar iH seauence of SEQ ID N0:4, 

N0;3 . Debate DNA sequences encode One — ^ ^ y 
but ha ve v— in « nucleotide — ^ ^nces of the instant 
stai ,ar refers to the sequences having sin* den«y *e J ecanbeidentlfl edby 
mention. * nuclide sequenc^ = — ^ _ ^ Ae 

electrophoresis and/or microsequencing. 

• , ,„„ .he nucleic acid molecules encoding the enzyme of the 
One means for isolanng « ^ ^ ^ probe 

present invention is to probe a gene l.br^ ^ ^ 

u sin g art — y Msec, and lohn Wiley 

Bio.ogy, Ausubel Ml. « *0*0* fey _ ^ „ toe „ 

In ,erscience, New V a* . 1« ^ ot ^ (comprising . least 

that the polynucleotides of SEQ ID NU other particularly useful 

(U . , comprising at least 12 contiguous nucleotides). 

string ency. medium stringency or ejen ^ denatured 
oligonudeotide hybridizanon, a polymer mem ^ ^ rf Q ? 

nuc leic acids is « prenyl for * , — ^ ^ 

M Sad. 50 mM ^jg^Z^-* * * " - ^ 

and 0.5 mg/mL polynboadenyhc acid, *PP 
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— - t^ess; rr;: PH , 8 , . 

roora t emperature tn IX SET 0 ^ ^ ^ JX SEr 

^ Na 2 EDTA) —ng 0.5% SDS. tWto » ^ ^ 

a, Tm -10'C for the oligonucleotide probe. The membran 

radiographic film for detection of hybridization signals. 

Z^ZSZ^-* -h > here, grated b y reference . 

its entirety. 

• a herein refers to a polynucleotide sequence which 
cornprisesapercentageofthesatneha^ as «ep y ^ ^ ^ 

For example; a --^^^^ hSM -•.^-^ 

^nucleotide, has polynucleoude bases whKh rent bases „ 10 % of the bases 

^ up Ore reference polynucleonde and may have d^ 
whi ch comprise that polynucleotide sequence. M «- ^ 

sequence rf there . a. leas. 70% P ^ rf ^ ^ 

alter the amino and sequence encoded by tn y substitu ,ions, additions, 

rc ,a,es to nuclide changes W hich result . ^ „ 

Prions, fusions and .^cations in the polypepctde encoded 
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, f,rred aspect of <he invention these polypeptides retain the same 
polynucleotide. In a preferred aspect of * , ynucleotide . 
biological action as the polypept.de encoded by the referen 

1 (SEQ ID NO: 3). 
introns or non-coding sequence 5 and/or 3 



enzyme. 



• relates to variants of the herein described 

Tte present inventton farmer relat f ^ enzyme having 

polynudeotide which code for fragments, analogs and denvattves of ut nzy 
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I 1 

1 /cpn ID NO-4). The variant of the 

polynucleotide. 

Thus the present invention inciudes polynucleotides encoding the same mature 
Thus, the present ^ ^ of such 

erayme as shown .n Ftgure > < *Q ° ' ^ M ^ of ^ enzym e 

^Tn>" — — - ~ — 

substitution variant and addition or insertion variants. 

As indicated hereu, the po.nudeotide ma y have 
— occurring ^Z^^ 

Pigments o f - m S»e o f the ^^^^ 

k. fnr a cDNA or a genomic library to isolate the full lengtn 
hybridization probes for a cDNA 8 or simUar 

logical acuvrty. ft*-* P ^ ^ for ^ „ ^ 

15, and even more ^^^^j^ roayalso be used to identify a DNA clone corresponding 
50 or more bases. The probe may eM gene 

t0 a full lengm transcript and a genomrc clone or clone^c ^ ^ 

comprises isolating the codmg regton °f ^ ^ ^ 

t0 .nmesize an oligonucleotrde U* ^ ^ ^ ^ , ^ 

complementary to that of the gene of th P- ^ 
of genomic DNA to identify members of the hbrary 
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• ted that such probes can be and are preferab.y labeled with an 
It is also appreciated that sucn pr Useful reagents 

•„t tn facilitate identification of the prooc. 
analytically detectable reagent to fac.l.tat $ 

srrr^i— — — — 



sequences. 



■ wher relates to polynucleotides which hybridize to the 
* — ^ Lt at lei 70%, preferably at least 90%. and 

^bove-descrihed ^ ^ ^ ^ 

m0 re preferably at .east 95% - ^ (Q ^ 

particularly relates to P**^J^ me tenn conditions" means 

^escribed polynucleot, e . . As ^ ^ ^ ^ 

M^^^^^ which hybridize , the hereinabove 
between the sequence ■ ^J^ a ,^^ t ^^^^ 

the DNA of Figure 1 (SEQ ID NO:3). 
primer. 

• ti „„ is directed to polynucleotides having at least a 70% 



f rab.v a, least 50 bases, which fragments are a, .east 90% ideruica!, preferably at 
preferably at -least strjngeffl condmons 

least 95% identical and most preferably at least VI 

t0 any portion of a po.ynucleotide of the present invenfon. 

thereof. 

m ^ -fragment." "derivative- and "analog" when referring to the enzyme 

, *• «To ID NO-4) mean enzymes which retain essentially the same b.o.og.cal 
of Ftgure 1 (SEQ ID NO.4) a 

active mature enzyme. 

The enzyme of the present invention may be a recombinant enzyme, a natural 
enzyme or a synthetic enzyme, preferably a recombinant enzyme. 

me fragment, derivative or analog of the enzyme of Figure 1 (SEQ ID NO:4) 
w „ n„ e or more of the amino acid residues are substttuted wtth a 

mature enzyme, sucn as a icau Such fragments, 

for purification of » mature enzyme or a proprotem * ^ 

derivatives and analogs are deemed to be with* the scope of those slu. 
from the teachings herein. 
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t < 

, -a f the nresent invention are preferably provided 
The enzyme and polynucleotide of the present in 

^ .fprahlv are purified to homogeneity. The term 
ta an .dated form, and environmcnt (e .,.. fte natura, 

m eans that the .material >s removed from s g ^.^ng 

, ;f. it is naturally occurring). For example, 
envtronment .f * » "atu y ^ ^ ^ ^ 

^nucleotide or enzyme present m a ^ ^ ^ ^ 

r S — could be part of a vector and,or suc h 

;c nnt nart of its natural environment, 
such vector or composition is not part ot its na 

, of the present invention include the enzyme of SEQ ID NO:4 (in 
The enzymes of the present in similarity 
pa.cu.ar the mature enzyme, as we,, as enzymes w *h ba« a - 

(prefcrably a, «*> * « ™ « - -me o f SEQ 

- « "» " (m lC 1 9 « <stU, more preferably at .east 
ID HO:4 and S.U. more and a,so Include portions of suc h enzymes 

95 % identiry) to the enzyme of SEQ ID NO. ^ 

with such portion 6f the enzyme generally contauung a. least 

preferably at least 50 amino acids. 

• * art -similarity between two enzymes is determined by 
As fcnown m the art stmnan* ^ o{ ^ 

comparing the amino acid sequence and .ts conserved 

enzyme to the sequence of a second enzyme. 

• • ,-f ra2 ment" -analog" or "derivative" polypeptide, and reference 
A vanan, ,, a fragment , a g 
polypeptide may differ in ammo actd * ^ 

— ' — - r rvt el a rlnce by contrive amino acid 
substitutions. Such substitute T vmcallv seen as conservative 

substitutions are the replacements, one for another, among ft 
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vwc Ser and Thr, exchange of the 

va , uu and ,, ; — nge - - residues Asn and 01n , 

acidic residues Asp and C,u. ~ ™ ^ the aromatic 

• ofthe enzymes of the present invention may be employed 
FragI »ents or porno, o * e-y ^ ^ me 

for producing the corresponding full-leng* enzy 

Fragments ui y nresent invention, 

synthesize full-length polynucleottdes of the present 

invention and the products of enzymes 

■ .^ (transduced or transformed or transfected) 
Host cells are genetically engrneered (tnmsdu ^ q[ ^ 

wim ,e vectors of this — n which ^ ^ f a ^ , ^ | 
ex pression vector. The vector may be, ^ ^ nutrient 

pal ticle,aphage,«c. ^ transformants or 

ra edia modified as appropriate for » ^ ^ condiUonSj such as 

-** -i:— - wi* *. host ce.1 se.ected for 

, f ,he nresent invention may be employed for producing 
™ po.ynuc.eo.tdes of the preset ^ ^ ^ 

en.mesbyrecombmant^hmo^ — « 

included in any one of a vanety of express^ ^ _ 
vectors include chromosom,. nonchro yeast piasmids; 
derivatives of SV40-. bacteria, plasnuds; phage 
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, ombinations of plasmids and phage DNA, viral DNA such as 
— **« from com - - ^ ^ ^ ^ 

vaccinia, adenovirus, fowl pox virus, v 

■ , nNA sequence may be inserted into the vector by a variety of 
* aPPt0P '1 DN T e q ue„l is inserted into an appropnate restriction 
procedures. In general, the DNA sequ Such proce dure S and others are 

ndonuclease site(s) by procedures known tn *e «. Such pro 
aeemedtobewiuninmescopeofthosesWUedrnmean. 

• the expression vector is operatively linked to an 
Tie DNA sequence tn the ex «ssto ^ ^ 

ap propriate expression control sequence Hp— ^ ^ ^ 

v «mnips of such promoters, mere nwy uv. 
representee exam le of » P ^ other promoK rs 

promoter, the E. cot, lac ^ Molic cu or their viruses. 

toow n to control expresston of genes ^ „ m3lioa mi 

— — — for 

a transcription terminator. The vector m y 
amplifying expression. 

. « nr^ferablv contain one or more selectable 
In addition, the expression vec». P^ ^ ^ ^ ^ 

^r genes to provide a phenotyptc rra« for^cn n ^ ^ 

as din ydrofolate reductase or neomycin restsunc for eulcary 
as tetracycline or ampiculin resistance in E. «*. 

nNA seauence as hereinabove described, 
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I 1 

i , ,~iu etc The selection of an 
COS or Bowes melanoma; adenovin,ses; plan. ^ ^ ^ ^ ^ 

appropriate host is deemed to be wi.hu, the scope of .hose sla 



teachings herein. 



^ \ • uri, me present invention aiso includes recombinant constats 
«>V°* o rie — as broadiy described above. The constructs 
Jrf£g oneN* more of the sequence ^ ^ ^ q( ^ 

£*. a vect^uch as a P asm^ ^ — ^ t ^ ^ 
invention has been Wed, in a forw for 

— ^rr: — - — ° f — 

— • * Pt0m0Kr ' °X it those of still » the art, and are commercial, 
actors and promoters are ^ ^ ^ 

— m rT:A^nIs<S.raI g ene),p.rc9 9 a, P m23-3,p DR5 40. 
P QE60, pQE-9 (Q.agen), PB^" < pS VK3, pBPV, pMSG, 

pRIT2T (Pharmacta); ^ te J 0 r vector ma y be used as ,on g 

pSVL, SV40 (Pharmacia). However^ 
as Ote'y are replicable and viable in the>s<- 

■ ,„n be selected from any desired gene using CAT 
Promoter regtons can be selec ^ ^ ^ 

(chl oramphenico, transfers „ ^ bac terial promoters 
appropriate vectors are pKK232-» P Eufcaiyo tic promoters include 

incl ude lad, lacZ, T3, T7. gpt, lambda P. *P ^ {rora 

-i™ H<?V thymidine kinase, eariy auu 
CM V immedtate early. HSV mynu e ^ ^ 

retrovirus, and mouse me^.onem-1. Se ectton 
promoter is well within Ore level of ordtnary slcn. mure art. 

elates to host cells containing the 

— — ;rs~ :£ — - . . 

above-described constructs. The ^ ^ can ^ 

a prokaryotic cell, such as a bactenal cell. In« aKd Section, 

canbeeffectedby clcium phosphate transfecuon, DEAE De 
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rvu m Rattev I Basic Methods in Molecular 
mavis L Dibner, M., Battey, i., 
or electroporation (Davis, l.., 

Biology, (1986)). 

u iu ran be used in a conventional manner to produce the 

. „ mtsxi ta mammalian cells, yeast, bacteria, or other 
Mature protems can be systems ^ als0 

«„, under the con.ro! of appropnate ftom the DNA consm.Cs of 

-^'"CtpCri^-Ipression vectors for use - 
m e present tnvenuon. Approp ^ Sambroolte(a ,., Molecule « 

T"*ZrZ ^TcoJsp^ Harbor, N.Y., - 

A Laboratory Manual, zetunu 

oisciosure of which is hereby incorporated by reference. 

f * nNA encoding the enzymes of the present invention by 
Tr anscri P uon of * ™ an ennancer seauence into the vector. 

high er eulcaryotes » tncreased b , ^ ^ ^ bp ^ ^ m 

E^cers are cis-actmg elements fDNA^y lude me SV40 enhancer on the .ate 

apr „mo.erto ^*<^^ m ^**~~~-<- 

^ofmereplicauonon m^ -> • * ^ ^ adenovilus 

the polyoma enhancer on the late sia 
enhancers. 

M mar- permitting — ati ^ <£~J?£* Mtm 

resis tance gene of*. «* and S . ^™ SBWtu ral seauence. 

a highly-expressed gene to direct transcnpuon o, * down» ^ ^ 

Such promoters can be derived from operoos ^ 

phosphogiycerate kinase (PGK), factor, actd 

among others. The heteroiogous structural sequence - assembled 
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expressed recombinant product. 

for h»r.terul use are constructed by inserting a 
ikpfiil exnression vectors for bacterial use <u 

,„codin B a desired protein together with suitable translate 
„1 DNA sequence encodtng desu P^ ^ 

nation and tennination s.gnals tn J^J ^ ^ origin of 

The vector will comprise one or ^ ^ t0 , if « provide 

rePtoti0n ,0 711". llihostsror— oninchtde, 

— - ^. ^ - r 



as a matter of choice. 



As a representative but nonlimiting example, useM expression vectors for 

Madison, WI. USA). Uese pBR322 "backbone secttons are 
Appropriate promoter and the strucmral sequence to be expressed. 

P0U0 wing —on of a suUable host ^^^^ 
t0 an appropriate cell density, the selected promoter » -^.T. ^ 
(«.,.. temperature shift or chemical induction) and cells are cultured 



period. 
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Microbial ceUs employed in expression of proteins can be disrupted by any 
■ , a- „ fr«ze thaw cycling, sonication, mechanical disruption, 

u nnimre systems can also be employed to express 
Various mammalian cell culture systems 

*in Examples of mammalian expression systems include the COS-7 
recombinant protein. Examples 01 u 

lines of mon»cey Kdney fibroblasts, described by G.uzma* C* 2 ,75 U ). 

,h„nfex D ressing a compatible vector, forexample, theC127, 313, 
"J rXs. Mammalian expression vectors wil, comprise an 
CHO, HeU and , ^ ^ any necessary nbosome 

bmding sttes, poly n ontranscribe4 sequences. DNA sequences 

termination sequences, and 5 flankmg non 

derived from the SV40 splice, and polyadenylanon sttes may be used P 
required nontranscribed genetic elements. 

The enzyme can be recovered and purified from recombinant cell — by 
^c^an— s^P- ^ — c 

action chromatography, affim* ^ „ used , as necessary, in 

and lectin chromatography. Protetn » performance liquid 

completing configuration of the mature protetn. Finally, t g J> 
chromatography (HPLQ can be employed for final pupation steps. 

me enzyme of the present invention may be a rurally purified product, or a 
The enzyme v recombinant techmques from 

product of chemical synthetic procedures, or produced by t , ^ 

a Photic or eufcaryotic host (for example, ^ a — 

and mammalian cells in culture). Dependmg upon the host employ 
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. of the present invention may be glycosylated or may 
product procedure, the enzymes of the prese ^ ^ .. ^ 

Lnon-g.ycosy.ated.Er.ymes of me — may 



methionine amino acid residue. 



. ,. „ was rec0V ered from a genomic gene library 
ne polynucleotide of this mven -was reco ^ ^ ^ jn ^ 

fr0 m TT^occ* M»> \ Mass excisions were performed on these libraries 
XZAP2 cloning vector (Stratagene). M * S " were generated and 

— — ■ . 

fvample 1 

were then exctsed from XZ^ P ^ ^ } _ SwwSi 1992 , 

according to the method ofW- ^ ^ used t0 singl y 

5-.16.) The resulting colomesW ptcked w ^ ^ rf 

iKc u,ate each of - wells of ^ = ^ Amp/Meft , glyMrol , 
LB me d* with 100 ** — ^ mis consti^ generation 
The cells were grown overmgM at * ^ conBined , stock 

;« rrrr A« • — — - * * 

DNA insert. 

F.vnmple 2 
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I 1 

, V using -he High Density Replicating Tool (HDRT) of the 
TOS step was performed ustn^ ^ cycle , n 

Becto an Biome* •* aW^h ^ ^ ^ „ „ „ 

„ each «^\ o{ ^ SQUrce lib rary pla tes. The Condensed 

The two condensed daughter p>a\es were incubated a, 37 C for h. 

A .,00 ,M substrate stock solution' was prepared as Mows: 25 mg of eachof 

soltttio . The compotes £ we, V ^ 

me thylumbelhferyl a -D-ga.actos,de, » ^ ^ ^ 

— ' jriTI^OrL p7, 5 He:buf fe r. Tnevo.ume 

urnbelliferones were obtained from Sigma Chemical Co. 

fc r f the -600 ,M stock solution' was added to each of the wells of a 
Fifty ,L of me 600 ,M s ^ „f substrate of 

white condensed plate usmg me Bromek y _ 
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Example 3 
IsfliatigB of Art i tf Hone and. 
Subsaa^SESafld'y TVtennination 

, der to isolate the individual clone which carried the activity, the Source 
In order to tsola.e the g new 

GeneBank plates were thawed and the tndmdua 

. • t R/AmD/Meth. As above the plate was incubated at 3 i. 8 

cells, the 50 „L of 600 „M ^ mK 

active well from -he source plate was tden.tf.ed. the « 

strea *ed on agar with LB/ Amp/Meth ^ ^ ^ and used to shtgly 
colonies. Eight single colonies were ptclced w«h a sterU P ^ 
. inoculate the wells of a 96-we„ microtuer £ The w^ ^ ^ 

LB/Amp/Meth. The cells were grown ovenught at 37 C wttho 

LB/ Amp/ M with ^ subs(rates above . The 

aliq uot was removed from each wel ^ ^ ^ ^ 

-^^-•7"^*^; colonies were picked, grown and 
„ agar plate with ^ t0 to0 cu,ate 3mL cultures of 

assayed as above. The most cl piasmid DNA was isolated from the 

LB/Amp/Meth, which were gro— £ ^ ^ aga plaK 

culmresar*. utilized for sequenctng. Colour s f _ In addition , 

were also used to inoculate we,ls contammg ™^ A w jjM 

colonies containing plasmids with no tnsens were ^"J 

soluti on of each .dividual ~ ~ £ « ~ — 
substrate specificity of the enzyme. F*y ,L °f -* « Qmy ^ 

individually to Ore test and control wells and assayed . « < «J ta 
we „s which contained the 4-methylumbel.iferyl 0 -D-galactostde 
fluorescence indicating activity. 

• rt f the nresent invention are possible in 
„ mo— - of ^^ndedc^, *e 

Hpht of the above teachings and, tneretore, wm 
'luotmay be practiced otherwise than as p— descrtbed. 
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(1) 

(i) 

(ii) 
(iii) 
(iv) 



(v) 



(vi) 



SEQUENCE LISTING , 

GENERA INFORMATION 

APPLICANT: Xr^ 3 

^rnw- Alpha Glycosidase 
TITLE OF INVENTION. Aip 

NUMBER OF SEQUENCES * 

CORRESPONDENCE ADDRESS: o^iN, GILFILLAN, 

(A) ^RESSKE: CAREL^B^--^ 0LS TEIN 
trEET • 6 BECKER FARM ROAD 

S SST' S?S5« 

(F) ZIP • 

(A., MEDIUM TYfe.- - /2 
gi COMPUTER: ^^^MS-DOS 
C OPERATING SYSTEM. 
\l\ SOFTWARE: ASCII 

S cSsflFfcSioN: 

XNFOBMATION FOR SBQ D = 

(A) t.E»G™ : mI !?,„c ACID 

(B) tW; >"KS. SIWLB 

CCGAGAATTC ATTAAAGAGG 

INFORMATION FOR SEQ ID NO 



(ix, 

(2) 
(i) 



52 



(2) 
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SEQUENCE 

CHARACTERISTICS 

(A) LENGTH: 31 W 

( B ) ^B: JOCLE^ SINGLE 

(C) STRANDEDNESS^ 

(D) TOPOLOGY: Liwr^ 

MOLECULE TYPE: cDNA 
(xi) SEOUENCK DESCRIPTION: 
CGGAAGATCT AGGTTCCCCA TTTTCACCCC T 

INF0 RMATI0N FOR SEQ ID NO:3- 
SEQU ENCE^CT E fSTlCS BoTiDBS 

(A) ^ EN 5 TH: NU ^EIC ACID 

(B) TY pE =SisS- SINGLE 



(i) 



(ii) 
(xi) 
CGG 

(2) 
(i) 



96 



144 



* w 

.... HOUCOUTtW. gencn-icDSA 

«0 ID NO :3: 

Lys =«= 20 

Glu Thr Leu He ^Y s 4 0 

* 5 rTC GTT AAA GGG 192 

^ CTC CCG AAG GAT ATT ATA GAC CTC GTT ^ ^ 
TAT ACC TTA AAG TTC CTC CCG ^ ^ m Ile 
Tyr Thr Leu Lys g5 

50 r ACQ CAC 240 

« « s s s s a s s s 1 s s *~ - -a 

Gly lie Ala ser lQ 
65 „. rTT rftG 2 ®® 

100 



336 
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Jr CCT GCC ATA CTG 384 
r*G CTC GCC TAT GAC CCG ATA ATC CCT ^ ^ ^ 
XTC TGG CTG CCA GAG CTC Q ^ Pro He u5 

Phe Trp Leu Pro Glu Leu i2Q 



— ssasa=s=S sss= 

Lys Asp Asn Gly Tyr 13S 

I gct c* crc « *» S S S S2 S £ - S 1 

TTC TCA GCT CAi ger Ala lie uy 

Phe Ser Ala His ^ igQ 

pro His lg5 ^ 

„c AGO »» « M« Jg a »» s ss is 

« S £ S 2S £ SS - « - - 

180 nn 624 

cr, «. ™ «« ^ E S SS S & - 

- ss # ss - Su % a- «. « 205 

195 ^ r^T 672 

nrr ATC GGA AGG CTT 
~, rrr GTA ATG CTC GGC Ai^ L eu 

■» - y? s ?s - s s sa «« - s? Ile 

Val Trp val Aia va 21g 

210 £££ 720 

- =S S=SS== S 3 aaS -* 

Pro Leu Mec 23Q 

225 ^ arc TAT AGG GAC 768 

ASti n e 245 

„_„ /wrrn ATA GAC 816 

tt ACT GTT GAG GGA TTA TTA GAG GTT AT^ ^ 

s s ss T £ a s s ss - * Leu Leu - 

j*t± 864 

- « «s s & ss ss s - - •» - ss 1,18 

Glu Leu Asn Ser w 280 

„ c TO C «* CGG ACT TOO «C «£ « £ « - 



290 
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305 ■ ' .„ , rr njtf gca 

^ c CCT GAG AGG AGG CTTG GAT OCC « gj OCJ 
nnG GGA TGG GAG CCC CTC CCT GAC, ^ ^ Leu Asp A l ^ 
^^Trp Glu Pro Leu Pro 
Arg Gly ir P ^ 

sasssass= sas S 

1 355 



(2) 



INFORMATION FOR SEQ ID NO: 4: 

lA ^ POLYPEPTIDE 
$&£: LINEAR 

MOLECULE TYPE: PROTEIN 
I 11 ' . ctrn ID NO: 4: 

(xi) SEQUEL OESCKXPTXOH: SE« 

(X1) . «i„ isn Leu Gin 1 



960 



1008 



1047 



1086 



<-> SE0UEXCE OESCKX.^ ^ ^ ^ „ n 

» ^ ^ ue Pro 

r , a val He Glu Lys Ala Tyr 
r -a ser Glu He Pro Lys val 25 

20 Ile «. - - - - GW " u M « 

Tva Phe Leu Pro Lys Asn He 6Q 

Ile * «, - - ws 

, ser Asp Leu He Glu 75 

L eu val Lys Gly « - Ala 

ti* Leu Pro Leu Leu Pro Leu Ser Arg 
^ «« Tvr Tyr His Ala He Leu fl5 

Thr Ser ^ ^ 80 LeU 

, *m aso Arg Glu Val Lys ^ QS 
v i Glu Ala Glu Val Gin Arg Asp Arg ^ 
Val Giu g5 

Qlv Phe Trp Leu Pro Glu Leu Ala Tyr 
val ser Pro Lys Gly Phe v 
Phe Glu val iiQ 

no T eu Lys ASP Asn Gly T-YT 

OT -n lie He P^ Al* Ile LeU Y 130 
Asn Pro He ^ 

, m a Met Leu Phe Ser Ala His u ^ 
Leu Phe Ala Asp Gly Glu Ala 
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His Leu He Lys 
Tlp Lv s Pro Leu Tyr Pro His ue 
ser Ala He Lys Pro He Lys l60 

TiA ser Tyr Leu Leu GLy 
n^r, Phe Arg Tyr He ser 17 l80 
Ala Gin Arg Glu Lys Arg Phe Arg ^ 

Ala He Lys Leu Val Phe Glu Gly Lys 
L eu Arg Glu Leu Arg Lys Ala He Ly ^ 

n val Lys Asp He Glu Ala Val Pro Val Trp 
val Thr Leu Lys Ala Val Lys Asp 2Q5 

, Ala Val Met Leu Gly He Gly Arg Leu Pro 
va l Ala Val Asn Thr Ala Val Me 22Q 

Lvs val Ala Ser Trp He Glu Asp Lys Asp 
L eu Met As? Pro Lys Lys Val Ai ^ 

L oiv Thr Asp He Glu Phe He Gly Tyr Arg 
Aan lie Leu Leu Tyr Gly Thr 250 

AT. Met Ser Val Glu Gly Leu Leu Glu Val 
Asp He Ala Gly Tyr Arg Met ^ 

„ ser Glu Leu Cys Leu Pro Ser Glu Leu Lys 
He Asp Glu Leu Asn Ser Qiu 280 

™«. Ca r qer Trp Ala Pro 
r-u, Leu Tyr Leu Arg Thr Ser Ser irp 3QQ 
His Ser Gly Arg Glu Leu Tyr ^ 

m He Trp Arg Glu Asp Glu Gly Asn Ala Arg 
Asp Lys Ser Leu Arg He Trp 3lQ 

ser Tyr Asn Met Arg Gly Glu Leu Ala Phe Leu 
L eu Asn Met Leu Ser Tyr Asn 325 

Ala Arg Gly Trp Glu Pro Leu Pro Gin Arg 
Ala Glu Asn Ser Asp Ala Arg Gly ^ ^ 

Ala He Tyr Asn Asp Trp Arg Gly Glu 
Arg Leu Asp Ala Phe Arg Ala Tyr ^ 

Asn Gly Glu Pro 
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